A 25-year-old female supermarket checker wakes up in the middle of the night with a tingling sensation in her hand. She tries to alleviate the pain by shaking her hand or running warm water over it. The pain does not go awav.
A 55-year-old male assembly line worker who repetitively flexes his wrist in the course of a day notices that he is gradually experiencing decreased sensation in the fingers.
Both workers, who seemingly have nothing in common, have carpal tunnel syndrome, a work-related condition that some experts call the "new industrial epidemic."
Carpal tunnel syndrome (CTS) is an abnormality of function of the median nerve, due to pressure on the nerve as it passes through the wrist or carpal canal. The carpal tunnel is a space of limited area bounded by an arch of wrist bones and by an equally firm (transverse carpal) ligament across the wrist on the palmar side ( Figure 1 ).
Nine flexor tendons and the median nerve are found in the tunnel. Any enlargement of the tissue on the surface of the tendons (tenosynovium) will cause pressure on the nerve, which is softer than the tendons. This, in turn, gives an "hour-glass" shape to the nerve, impairs circulation, and slows electrical conductivity in the nerve (Figure 2) . Symptoms include numbness, tingling, and decreased sensitivity in the fingers.
CAUSES

A well-recognized correlation between certain work-related tasks
Transverse carpal ligament~H __ Nine flexor tendons and CTS has been documented, but a variety of metabolic disorders can also ca"ntribute to CTS. These include hypothyroidism, gout, rheumatoid arthritis, pregnancy, and many others. Any condition that can increase the volume of the contents in the carpal canal or decrease the space of the canal (such as an aberrant muscle) can cause CTS.
The main occupational causes of CTS include:
• Repetitive wrist flexion and extension. • Strong gripping with ulnar deviation. • Impact forces on the palm. • Vibratory forces. These industrial causes usuallv result in a thickening of the tissue layers around the tendons (non-specific tenosvnovitis). Because manv actions of the hand in various jobs involve repetitive actions, CTS has been placed in the overall category of cumulative trauma disorders.
It is difficult to ascertain how manv people have CTS. Researchers are increasingly examining specific occupations. For example, 62.5% of 1,116 female supermarket checkers between the ages of 18 to 49 years who responded to a survey reported an overall prevalence of CTS symp- These hand surgeons represent only one group of physicians who are performing surgery for CTS. The number of CTS operations is undoubtedly much higher, and that does not include clients with CTS who are receiving conservative treatment.
The following common factors are emerging:
• Carpal tunnel syndrome affects three times more women than men, with 60% of the clients between 40 and 60 years of age. • About half of the clients had had symptoms for more than two years when diagnosed. • The dominant hand is initially symptomatic in 70% to 90% of clients (Phalen, 1966 : Farhat, Kahn, & Child, 1974 .
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Leesport. PA 19533 (215) 926 -5232 FAX: (2 15 ) 926-562 8 DIAGNOSIS Diagnosis begins with the client's description of the symptoms. The client may identify tingling (paresthesia) and loss of sensation (hypoesthesia) in the fingers supplied by the median nerve-namely, the thumb, index. long, and ring fingers. The little finger is usually spared.
The person may awaken in the middle of the night feeling tingling and pain. '10 ease these night symptoms, they may shake the hand, change its position, such as letting it hang down, or run warm water over it. Pain may not only be present in the hand. but also in the arm and shoulder.
Three tests are frequently used to diagnose carpal tunnel syndrome. In performing the Ti ne l's test. the median nerve is tapped at the wrist, sometimes eliciting a tingling response in one or more fingers. In Phalen's test. the client is asked to put the backs of the hands together acutely flexing the wrists for one minute. If tingling in the fingers is produced. the test is considered positive.
A third test involves an electromyogram in which an electrical stimulus is given in the forearm and the time before the small thumb muscles react is recorded. If the stimulus is given in the digit, transmission time across the wrist can be measured to determine sensory function. These electrodiagnostic tests are helpful to distinguish between carpal tunnel syndrome and other nerve syndromes at a more proximal level.
Another more recent aid in diagnostic testing for CTS is the vibrorneter, a device that measures the perception threshold for vibration
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at various frequencies. A reduction of sensation in the higher ranges of vibration may indicate carpal tunnel svndrome, In this test, clients arc instructed to press a button when they feel vibrations and release the button when they do not feel the vibrations. The levels and frequencies arc automatically recorded by the vibrornerer, A complete test takes about 30 minlites.
TREATMENT
Treatment may be approached in two wavs-v-conservative and surgical. Because the results of surgery are not always predictable, conservative measures should be tried first. Conservative measures include a simple metal-reinforced splint, with velcro straps for easy application and removal, that prevents flexion and extension of the wrist. If possible. this should be worn during work hours, but if not, then at least after work and particularly during sleeping hours.
The splint decreases the irritative stimulus from motion. In addition, if not contraindicated, rapidly decreasing short courses of steroids will decrease swelling and irritation of the tissues in the wrist canal and provide relief. Some favor the use of steroid injection into the wrist canal itself to accomplish the same result. However, the number of injections should be limited, usually to two or three, because of the possibility of weakening the tendons.
Surgical treatment may be required if the symptoms are quite severe and muscle atrophy has already begun, or if the conservative measures do not provide enough relief. Surgery preferably should not be the first choice for treatment. A number of clients will still have the same degree of problem, or worse, despite surgical release of the wrist ligament, particularly if they must return to the same job with repetitive wrist motions.
When surgery is performed, an incision is made paralleling the curving line of the palm at the base of the thumb and extending a short distance obliquely above the wrist crease. The older approach, short transverse incision at the wrist, is not preferred. The ligament may not be completely divided, or a small branch of the median nerve to the palmar skin may be accidentally divided, resulting in Are repetitive wrist injuries sidelining your productivity?
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The ProFlex®wrist support nowconsidered During the surgical procedure, the strong ligament across the wrist is divided, providing more room in the canal. This ligament will heal again, but with more length. Any conpreferredsafety gear by over 500,000 occupational athletes. Blow the whistle on repetitive wrist injury costs today. Call 1·800·225-8238, in MNcall 612 228-9889. Fora limited time we' ll include a free pre-game wrist warm-up poster. stricting scar tissue is freed from the surface of the nerve , and if needed. thickening of the tissue around the tendons can be removed . Afte r surger y. a splint is added to th e dressing to keep the nerve well away from the healing wrist ligament and to avoid scar attachment to the nerve, Successful treatment. either conse rvative or surgical, results in disappearance of the tingling and pain, improvement in the sensation of the fingers, and prevention of worsening mu st do repetitive motions . C arefully initiated therapy by a trained hand therapist can shorten the time off work by gradually incre asing stre ng th and dexterity (Figure 3 ) . Even so , grip stre ngth may be permanently reduced by an average of 10% afte r surge ry.
Prevention of carpal tunnel sy ndrome may involve the following precautions:
• Earl y diagnosis. If treated at an early stage, a splint will relieve many symptoms, avoiding the necessity of costly surgery. • Job reassignment. If a certa in flexed wrist motion is necessary in a job task, the occupational health professional may sugges t temporary reassignment to job ta sk s t h a t do not req u i re re pe t it ive wrist fle xion and extension, or do not cau se vibration. • Redesign of tools. In one Michiga n study, workers who used sta nda rd knives in a chi cken proce ssing operation were prone to CTS. By supplying workers with knives that have 19-degree curved handles, the workers no longer needed to flex their wrists while cutting the meat. Researchers were able to significantly reduce the problem (Armstrong, 1982) .
It only makes good sense for busine sses to establish proper work conditions, thu s helping prevent CTS and th e cost associated with time off from work and treatment. The job must fit the worker, not vice ve rsa. That may mean ch anging the he ight of the assembly line . It could mean turning the auto on its side rather than working overhead, or using properly shaped tools or proper padding of the tool or the glove .
The pre vention and treatment of hand injuries arc closel y linked .
Steps can be taken to prevent certain hand injuries and reduce the number and costs of carpal tunnel synd rome cases . muscle atrophy. The results of the electromyogram may remain abnormal for a ve ry long period of time and are of limited value in evaluating success of treatm ent. Even during the first night afte r surge ry. the client may noti ce rhe ab sence of pain and tingling. But se ns atio n may return after man y months.
The length of time off work will vary from a few day s for sedentary operations to 8 to 12 weeks for heavy manual laborers, or for those who
